Half-life and DNA strand scission products of 2-deoxyribonolactone oxidative DNA damage lesions.
Reactive oxygen species lead to oxidative damage of the nucleobase and sugar components of nucleotides in double-stranded DNA. The 2-deoxyribonolactone (or oxidized abasic site) lesion results from oxidation of the C-1' position of DNA nucleotides and has been implicated in DNA strand scission, mutagenesis, and covalent cross-linking to DNA binding proteins. We previously described a strategy for the synthesis of DNA-containing deoxyribonolactone lesions. We now report an improved method for the site specific photochemical generation of deoxyribonolactone sites within DNA oligonucleotides and utilize these synthetic oligonucleotides to characterize the products and rates of DNA strand scission at the lactone lesion under simulated physiological conditions. A C-1' nitroveratryl cyanohydrin phosphoramidite analogue was synthesized and used for the preparation of DNA containing a photochemically "caged" lactone precursor. Irradiation at 350 nm quantitatively converted the caged analogue into the deoxyribonolactone lesion. The methodology was validated by RP-HPLC and MALDI-TOF mass spectrometry. Incubation of deoxyribonolactone-containing DNA under simulated physiological conditions gave rise to DNA fragmentation by two consecutive elimination reactions. The DNA-containing products resulting from DNA cleavage at the deoxyribonolactone site were isolated by PAGE and unambiguously characterized by MALDI-TOF MS and chemical fingerprinting assays. The rate of DNA strand scission at the deoxyribonolactone site was measured in single- and double-stranded DNA under simulated physiological conditions: DNA cleavage occurred with a half-life of approximately 20 h in single-stranded DNA and 32-54 h in duplex DNA, dependent on the identity of the deoxynucleotide paired opposite the lesion site. The initial alpha,beta-elimination reaction was shown to be the rate-determining step for the formation of methylene furanone and phosphorylated DNA products. These investigations demonstrated that the deoxyribonolactone site represents a labile lesion under simulated physiological conditions and forms the basis for further studies of the biological effects of this oxidative DNA damage lesion.